The minimum requirements for protecting chickens kept for meat production (broilers) are laid down in EU directive 2007/43/EG (EU Commission, 2007). One of these regulations stipulates the controlling of the stocking density depending on the quality of previous fattening periods and farm management in general (such as concentration of ammonia, temperature, or humidity). The maximum stocking density of 33 kg/m 2 can be increased to 39 kg/m 2 , but may never exceed 42 kg/m 2 . These regulations are less strict than the previous regulations in the federal state of Lower Saxony, Germany (so-called Broiler Contract, 2008), where a maximum stocking density of 35 kg/m 2 was specified. To incorporate the European Directive in domestic law, the Ministry of Food, Agriculture, Consumer Protection and Regional Development, Lower Saxony, Germany, intended to investigate farms with different stocking densities. Points to be considered were the following:
INTRODUCTION MATERIALS AND METHODS
For these investigations, a field study was conducted in districts of Lower Saxony, Germany, with the highest density of broiler chickens. Total flock mortality and individual animal weight at slaughter were chosen as preliminary outcome to describe flock performance. Stocking density served as a stratification variable. These outcomes give a basic overview of the performance, but do not serve as best predictors for animal welfare (Manning et al., 2007) . Therefore, the study outcome variables were explored regarding their correlation to additional outcome variables:
• The correlation between the individual BW and the total weight of all broiler chickens relative to the area was assessed because the total flock weight might be of more importance for farmers than the BW (Reiter and Bessei, 2000; Hepworth et al., 2010 ).
• The correlation between the mortality during the first 7 d was assessed because the first-7-d period is the most important time slot for the overall performance (Yassin et al., 2009 ) and the mortality of the rest of the fattening period. Therefore, it has an influence on the mortality of the whole fattening period (Tabler et al., 2004) . Apart from the stocking density, the animal density is discussed as an influencing factor in literature as well (number of animals/m 2 ; Estevez, 2007) . Therefore, an additional analysis was conducted.
• From a certain point on, the stocking density (kg/ m 2 ) is not as important an influencing factor on animal welfare as animal density (number of animals/m 2 ).
Study Population and Data Management
Data was recorded for a study period between October 1, 2008, and October 30, 2009 . Recruitment of participants was organized by the Niedersächsische Geflügelwirtschaft e.V. (Lower Saxony Poultry Farming Agency, NGW e.V.). Membership of the NGW e.V. and the farm being situated in a district of Lower Saxony with the highest density of broiler chickens and broiler farms and with the largest broiler farms (target population; Veauthier and Windhorst, 2007) were a prerequisite. These districts will be referred to as highdensity area although they are not necessarily situated in the same geographical area. The study population was configured as a convenience sample from the target population. As part of the scientific study, participating farmers were allowed to increase their stocking density according to the requirements of the EU directive although this was not already incorporated into domestic law at the time of the study.
Farmers answered 2 questionnaire types, one "farm record sheet" per participating stable and farm (including information on information on stable floor, heating, security of supply, bird care, feeding, drinking, ventilation, light or target figures for fattening periods) and one "fattening report" per fattening period (including information on stocking, litter, and others). Versions of the questionnaires were developed and tested in a pilot study. Information was filled in by farmers on the basis of their own knowledge and from slaughterhouse reports. One completed copy of each questionnaire was handed to the veterinary officer at the antemortem health inspection. Veterinary officers checked the questionnaires for glaring validity problems and forwarded them to the epidemiological study group.
Incoming questionnaires were recorded in a study database in MS Access (Microsoft Corporation, Redmond, WA). Plausibility checks were conducted during data entry as well as in preparation of the analyses. Additionally, it was checked if farmers were suspected of preselecting and not reporting about low performing fattening periods. Those gaps were identified that were big enough for a whole, unreported fattening period and cleaning interval. Furthermore, it was analyzed if the veterinary officers were misled regarding the target stocking density before a fattening period, when the realized stocking density exceeded the stipulated target stocking density.
Statistical Analyses
Statistical analyses were conducted for each stocking density strata (≤33, 33.1-39, >39 kg/m 2 ). Only those fattening periods were considered with data for all interesting variables (complete case analysis). Mortality (% dead or culled for reasons of bird health and welfare) and bird weight (in kg per bird) were considered until the first depopulation date.
To investigate the influence of several factors on outcome variables under consideration, several explanatory variables were analyzed by means of the questionnaire information: age of the building [(<1985, ≥1985), weather (cold-humid, cold-dry, warm-humid, warmdry), hatchery (hatchery A, hatchery B, hatchery C, other hatcheries), litter (wood shavings, other), and length of fattening period (continuous variable)]. The cut-off for the age of the building was set according to political and financial influences that had an impact on the farmer's decision to build a new barn in the 1980s (e.g., currency revaluation, value-added tax, and implementation of milk quota). Litter material other than wood shavings was different straw types as well as granular pelletized or floury straw, for example. The weather, however, was assessed using weekly climate data derived from weather stations located near the investigated farms (Deutscher Wetterdienst, DWD, 2010) . From the weekly climate data, the predominant climate was assessed considering temperature, rainfall, and wind speed. The mean over the total study period was used as cut-off (temperature: 10.12°C, rainfall: 1.81 mm, wind speed: 2.75 m/s).
For each outcome and each stocking density class, model selection was conducted in 2 steps. First, a model with all (5) explanatory variables as main effects was fitted (basic model). Then, forward selection was used to add significant 2-way interaction terms to the basic model. To determine the hierarchical data structure (fattening periods in stables on farms), random effects for farms and stables were included. Due to the quantitative nature of both outcomes, ANOVA models were used (Marill, 2004) . Mortality was transformed by logit-transformation before modeling to improve the normality of residuals. To improve interpretation the regression coefficients were transformed to odds ratios (OR; Dohoo et al., 2009) . For BW the nontransformed values were included and therefore the least squares means and mean differences were used for interpretation. All statistical tests in this study were performed with a significance level of 5%. Analyses were conducted using the PROC MIXED procedure in SAS (SAS Institute Inc., 2006) .
To further analyze the study outcome variables, 3 additional variables were investigated [total bird weight over all consignments to slaughter per square meter (kg/m 2 ), BD (number of birds/m 2 ), 7-d mortality, and mortality after 7 d]. Pairwise correlations were investigated using Pearson's correlation coefficient or Spearman's rank correlation. The correlation between mortality and animal density was estimated for the 3 different stocking densities, respectively.
RESULTS

Study Population and Bias
Participating farms were situated in 6 districts of the high density area of Lower Saxony. Data from 160 farms, 416 stables, and 2,085 fattening periods were entered in the database. Seventy-nine farms with 176 stables, 634 fattening periods, and 5,031,987 broilers could be included in the complete-case analyses because their data were plausible and they had a complete data set.
Study farms in the complete-case data set represented 12% of the farms in the 6 participating districts of the high-density area and 7% of the farms in the high-density area of Lower Saxony overall. The investigated number of fattening places represented 23% of the farms in the 6 participating districts of the high density area and 19% of the total number of fattening places in the complete high-density area of Lower Saxony. One district was overrepresented in the study population with a 1.2-fold higher proportion of broilers and 1.6-fold higher proportion of farms than in the target population.
Ten gaps between fattening periods great enough to include a potentially missing fattening period could be identified in 9 stables of 8 farms, only. In 4% (n = 25) of the fattening periods, the realized stocking density exceeded the official target in such a way that a higher stocking density class was reached. Mostly (n = 23), the stocking density was >39 kg/m 2 instead of 33.1 to 39 kg/m 2 as planned and approved by the veterinary officers before allowance of operation. On the other hand, 2.4% (n = 15) of the fattening periods reached a stocking density of 33.1 to 39 kg/m 2 instead of >39 kg/ m 2 as planned. Interpretations of the possible reasons from the farmers' point of view were not assessed in the study.
For fattening periods with a stocking density of 1) ≤33 kg/m 2 and 2) 33.1 to 39 kg/m 2 , no relationship between BD and mortality was detected (1: 0.10, P = 0.7220; 2: 0.01, P = 0.7870), whereas at a stocking density of >39 kg/m 2 results indicated a negative relationship between animal density and mortality (Spearman correlation coefficient: −0.14; P = 0.0230).
Mortality
There was a low monotonic relationship between the first week mortality and the mortality of the rest of the fattening period (Spearman correlation coefficient: 0.15; P = 0.0002). The average mortality of fattening periods with ≤33 kg/m 2 was 2.41%, 3.13% for periods between 33.1 and 39 kg/m 2 , and 2.93% for periods with >39 kg/m 2 . A statistical model could not be fitted for the lowest stocking density class (≤33 kg/m 2 ) because too few observations were available (n = 7).
Mortality of broilers fattened at 33.1 to 39 kg/m 2 (n = 338 periods) was affected by the length of the fattening period (P = 0.007) and the hatchery (P = 0.039). An interaction between the weather and the litter type was detected (P = 0.013; Table 1 ).
Mortality of broilers fattened at >39 kg/m 2 (n = 289 periods) was affected by the hatchery (P < 0.001). Interactions between the weather and the litter type (P = 0.026) as well as length of fattening period and age of building (P < 0.001) were detected ( Table 2) .
The lowest mortality rates were found in cold-humid weather conditions where flocks were housed on litter material other than wood shavings. For all other weather conditions, wood shavings proved to be the best litter material. These findings were consistent for all investigated stocking densities. A low mortality rate seemed to be achievable in old buildings when the fattening period was short ( Figure 1 ). However, longer fattening periods with a higher stocking density are better conducted in newer buildings. Independent of the stocking density, flocks from one hatchery seemed to perform better than the other hatcheries.
BW
There was a low monotonic relationship between the BW and the total weight of the flock per m 2 (Spearman correlation coefficient: 0.33; P < 0.0001). The average individual bird weight was 1.85 kg (SD = 0.17). The average total weight of a flock was 16.797 kg (SD = 11.854). A fixed effects model could not be conducted for the lowest stocking density class (≤33 kg/m 2 ) because too few observations were available (n = 7).
For the other stocking density classes, the target value BW was modeled without transformation of data. The BW of broilers fattened at 33.1 to 39 kg/m 2 (n = 338 periods) were affected by weather (P < 0.001) and litter type (P = 0.029). Interactions between the length of the fattening period and the age of the building (P < 0.001) as well as the hatchery (P < 0.001) were detected (Table 3) . Table 1 . Odds ratio (OR) for influences on the flock mortality of broiler chickens in the high density area of Lower Saxony (considering interaction between 2 explanatory variables) in stocking density class 33. Body weight of broilers fattened at >39 kg/m 2 (n = 289 periods) were affected by the age of the building (P = 0.073). Interactions were found between weather conditions and litter type (P = 0.025), the length of fattening period and weather (P < 0.001), as well as the length of fattening period and hatchery (P < 0.001; Table 4 ).
For BW, the best weather conditions are warm-humid weather where flocks are housed on wood shavings for less than 36 d. With a longer fattening period or a higher stocking density, cold-humid weather and litter material other than wood shavings provide more appropriate conditions for a high BW (Figure 2 ). An advantage of flocks in newer buildings could also be examined for the BW (Figure 3 ). Similar to mortality and independent of the stocking density, flocks from one hatchery seem to perform better than other hatcheries (Figure 4) .
DISCUSSION
Since 2007, the minimum requirements for keeping broiler chickens have been regulated in EU Directive 2007/43/EC. Because these regulations allow higher maximum stocking densities than were allowed in previous regulations in the federal state of Lower Saxony, Germany, the responsible ministry set out to investigate which factors influenced the performance (and animal welfare) during a fattening period-in each stocking density strata. Previous studies indicated that factors such as the age of the building, weather, hatchery, litter, or length of fattening period can influence the performance or welfare of broiler chickens (Bilgili et al., 2009; Laanen et al., 2010; Lin et al., 2011) . One aim of the study was to consider the results during routine onfarm monitoring by veterinary authorities in the future. 
Study Population and Bias
Because 7% of the farms and 19% of the broilers in the high-density area of Lower Saxony were investigated, the study results can be discussed on the basis of a high level of accuracy, although the study population participants derived from only 6 out of 10 highdensity districts in Lower Saxony. It can be expected that there are no differences to the farmers in the 4 nonrepresented counties in regard to farm management and attitude.
However, predefined requirements for a higher stocking density in the EU Directive resulted in a selection of farms being allowed to increase the stocking density and prohibited an overall analysis of the study data set. The selection of participants by an interest group can therefore be discussed. On the one hand, the NGW e.V. has comprehensive access to broiler chicken farms in Lower Saxony and well developed contacts to motivate the farmers. On the other hand, a possible selection for good performing farms and stables cannot be assessed and has to be considered when interpreting the results. The low number of participating farms with <33 kg/m 2 stocking density might be due to preselection as well as to high standard performance of farms in the highdensity area before this study, resulting in a higher level according to the EU Directive. All in all, this may have introduced a selection bias, which would have impaired the results of a cross-sectional analysis. Therefore, the study population was analyzed within the stocking density classes given by the EU Directive. Another possible source of selection bias is the analysis of complete-case data only. This may lead to a nonrandom selection effect; however, systematic differences between partially complete and complete data sets could not be found.
Due to evidence that the study was biased toward large farms and one single district, an unrestricted random sampling was applied to the data set stratified for farms before multifactorial statistical modeling using SAS PROC SURVEYSELECT (Kish, 1995) . The impact of imputation on the model outcome was assessed by comparing 3 different random selections. No systematic effect on the model outcome was apparent or caused by the modus of imputation. Adjustment for selection bias results in modified model estimators and it has to be considered that the true distributions are not reflected. Therefore, only the modeled effects and their P-values are reported here.
Apart from the preselection in the study population, another possible source of bias is the farmer's attitude toward and the management of the birds. This may cause (nondifferential) classification bias if apparent. However, the low number of gaps between fattening periods great enough to include a potentially missing fattening period indicates that farmers did not relevantly select for good-performing fattening periods.
Furthermore, a considerably low but mentionable number of fattening periods was performed on a stocking density level that was not approved by the veterinary officers. It cannot be differentiated if this is due to incorporation in this study or if a certain proportion of overstocking is continuously apparent. However, a low but apparent proportion of bad-performing fattening periods with high mortality rates was found, where a stocking density of 33.1 to 39 kg/m 2 was accomplished instead of >39 kg/m 2 as intended. This indicates excessive demands due to the high stocking density either for the farmer, being unfamiliar with the new requirements, or for the birds, being unable to cope with more than 39 kg/m 2 under the given conditions (production function; McInerney, 2004 McInerney, , 2011 Rushton, 2009 ). Nevertheless, information bias regarding a differential misclassification of exposure or outcome seems unlikely in this study.
Evaluation of Target Values
The average mortality of the 3 investigated stocking densities corresponded with Buijs et al. (2009) . Mortality is one of the possible measures to assess animal health and welfare; however, it is relatively crude (Manning et al., 2007) . Other health parameters (such as foot pad dermatitis) could not be investigated in our study. Only the daily recorded mortality and the weight reported from the slaughterhouse could be used as outcome variables.
The total weight of all broiler chickens might be more important for a farmer than the BW. The higher the total weight is, the smaller is the BW (Reiter and Bessei, 2000; Hepworth et al., 2010; Tong et al., 2012) .
We investigated BW because it is influenced by the stocking density (STD) and the bird density (BD), as in formula [1] :
The BW increases with the STD and decreases with the BD. This has been found in other studies as well (Feddes et al., 2002) . Body weight is only one factor that influences the total flock weight (FW) as in formula (2):
In our study, there is a low monotonic relationship between the BW and the total flock weight. However, we could not identify a reciprocal dependence, as hypothesized. The total weight of the flock may differ between the investigated farms and fattening periods, whereas the individual bird weight varies constantly around an average of 1.85 kg. This average was also found by Dozier et al. (2006) and Hall (2001) . This indicates that the total flock weight depends on environmental factors such as the floor area more than on the individual BW or the BD. According to Estevez (2007) , a balance between productivity and animal welfare depends on environmental quality rather than on any density. Additionally, it has to be considered that the correlation of the STD (input) and the productivity (output; measured as BW) can be described as a quadratic production function, where the output cannot be increased from a certain amount of input, and instead the output decreases (Kay and Edwards, 1999) . In addition to these considerations, the total flock weight depends on uncontrollable influences such as the number of additional broilers delivered as sales discount, the extent and amount of consignments to slaughter, or the philosophy of the integrating company. Therefore, we found the BW to be the more appropriate target value for productivity and investigated the impact of 5 (environmental) explanatory variables, with the STD as stratifier.
Evaluation of the Stratification Variable
The stratification of the study population employing the STD in kilograms per meter squared is due to legislative rules referring to this density definition.
Another density definition is apparent in literature, referred to as BD, in number of birds per meter squared. Both densities are possible influencing factors on bird welfare. In our study, the participating farmers should have the opportunity of fattening at higher stocking densities when they fulfilled the EU requirements. Therefore, the effect through increased STD could not be directly assessed. The STD had to be incorporated as a stratification variable.
Both densities, weight per meter squared and birds per meter squared, have an effect on the BW (Feddes et al., 2002) , the natural rest behavior (Estevez, 2007; de Jong et al., 2012) , as well as on the humidity and temperature of litter (Reiter and Bessei, 2000; Dozier et al., 2005) . Bessei (2006) explains the influence of the STD on the growth by the increased heat stress through high metabolic activity of a high number of birds. Therefore, it could be suggested that a high BD is more likely to influence bird welfare than the STD. In our study an influence of the BD on the total flock mortality could be identified only in the highest STD class (>39 kg/m 2 ). However, the correlation was negative, indicating that the higher the BD, the lower the total flock mortality. This finding is non sequitur and has to be interpreted in consideration of the EU legislation where only well performing farms are allowed to increase STD.
Beyond the (bird or stocking) density management, conditions were confirmed to be more important for different welfare issues (dermatitis, leg problems, soiled plumage; Dawkins et al., 2004) . A limitation of (bird or stocking) densities may not necessarily result in the expected improvements when the impact of the environmental conditions is ignored (Estevez, 2007) . Therefore, it can be concluded that consideration of the STD as a stratification variable is an appropriate method to incorporate density. However, the importance of BD and STD could not be assessed due to the predefined study design.
Analysis of Explanatory Variables
Weather Conditions and Litter Material. Among the analyzed explanatory variables, weather conditions and litter material appeared to be the most important factors that influence the flock mortality and BW. Outside weather conditions can influence the broiler environment directly (air humidity) or indirectly (heating intensity and ventilation rate; Lin et al., 2011) . In the cold season, the ventilation rate is decreased to reduce heating costs. This results in higher humidity (in air and litter) and a higher concentration of noxious gases (higher concentration of NH 3 and CO 2 /CO when heating). The reported indoor humidity in our study did not exceed the maximum requirement of the EU Broiler Directive (EU Commission, 2007) of 70% in 95% of the measurement days. Nevertheless, humidity and a lack of ventilation are known to influence broiler health (SCA-HAW, 2000) and may therefore result in a lower BW.
The low mortality during cold-humid weather seems to be contradictory as Dawkins et al. (2004) found a higher mortality in winter than in summer. However, the positive influence of cold-humid weather in our study is only apparent when the flock is housed on litter material other than wood shavings. The materials other than wood shavings were dominated by different types and assemblings of straw. The impact of the litter material can be attributed to its absorption ability. Wood shavings are characterized by good absorption ability (Berk, 2008 (Berk, , 2009 ). Heating during cold-humid weather may lead to considerable drying of litter material. This may cover the worse absorption ability of litter material other than wood shavings (Berk, 2008) . Nevertheless, the structure of wood shavings is prone to microbial decomposition, which may increase the prevalence of food pad lesions and result in ascending infections and increased mortality in cold-humid weather (Bruce et al., 1990; Menzies et al., 1998; Reiter and Bessei, 2000; Hermans et al., 2006; Haslam et al., 2007; Allain et al., 2009; Wilkinson et al., 2011) . Several alternative litter types such as granulated straw were found to have a better absorption ability and result in less food pad lesions and a better performance (Berk, 2009; Gooss and Radko, 2012) .
The advantage of warm weather conditions for BW decreases during longer fattening periods, where the body volume of the broilers grows. This causes a higher amount of produced body warmth and may lead to an increased surrounding temperature and interfere with the warm humid weather conditions (Bruce et al., 1990) . Broilers' feed and water intake may decrease and result in less weight gain (Martland, 1985; Bessei, 2006) . Therefore, weather conditions should be considered when deciding on the length of the fattening period.
Age of the Building. When assessing the age of the building, the quality of housing material, microbial and parasitical load, or the adequacy of equipment and facilities in old buildings deteriorates with age. The growing demands of broilers with an increasing fattening time may conflict with inadequate conditions in older buildings and result in lower weight gain. During short fattening periods, however, the farmers' experience in managing the building and its facilities seems to prevail over the wear and tear to the building. It has to be assumed that the age of the building determines the farmers' attitude regarding willingness and economic ability to modernize the farm. An association between the farmer's attitude and the age of the facility has already been found in other livestock husbandry such as pig farming (Laanen et al., 2010) .
Hatcheries. The different final BW for flocks from different hatcheries indicate that farmers follow a certain policy for the final BW and adapt their (farm) management accordingly. The impact of the hatchery and the management in this early phase is well known (Heier et al., 2002; Chou et al., 2004; Yassin et al., 2009) . However, from the data it cannot be differenti-ated if the differences between hatcheries concerning weight gain and mortality result from either the intended final BW, from a genetic predisposition, from the age of the parent flock, or from different abilities to cope with the environmental conditions in prolonged fattening.
The first week after hatching is known to be the highest risk period for broiler chickens. Quality of management, hygiene and biosecurity in the hatcheries, the duration and conditions of transportation, as well as farm management factors such as flock size, STD, and so on have an influence on the first week mortality (Heier et al., 2002; Chou et al., 2004; Yassin et al., 2009; van de Ven et al., 2012) . Important changes of environment and living conditions for the chickens after birth and transport require adaptability (Yassin et al., 2009) . During the adaption period, the probability of mortality is higher than during the rest of the fattening period (Heier et al., 2002) . These considerations suggest a strong positive dependence between the first week mortality and the mortality of the rest of the fattening period, which could not be confirmed in that magnitude and clarity in our study.
Length of the Fattening Period. The impact of the length of the fattening period under weather conditions, litter type, age of building, or hatchery can be explained with the growing demands of broilers as regards ventilation, absorption of feces, and so on.
Outlook-Future Routine Monitoring
The state of being, in regard to health and welfare, is difficult to assess because the assessment would have to include birds' behavior and examinations of individual birds. Welfare outcome assessment still needs to be improved. The Welfare Quality assessment protocol for poultry has been developed to meet these deficits (Welfare Quality, 2009) . Although its principle is resourcebased, the protocol requires elaborate on-farm investigations performed by experienced personnel. Other approaches focus on objectiveness and are model-based (Bracke et al., 2002) . Therefore, welfare input has to be assessed while aiming to minimize investigation costs and optimize the assessment of the broilers' situation (Lister, 2011) . A prerequisite of the optimization is a risk-based approach based on objective and easy-to use figures (Blaha and Reist, 2012) .
Up to now, performance indicators can serve as a measurable and manageable tool to assess the bird's state of being, when adequate information on the birds conscious feelings are absent (Curtis, 2007) . Currently, routine monitoring already concentrates on the flock mortality as a target value when assessing performance and welfare. Body weight, however, does not seem to serve as a practical outcome to assess the performance and bird welfare during the fattening period because it can only be measured at the slaughterhouse. Even the BW of preceding fattening periods is difficult to evaluate because it reflects the management policy (light, heavy carcass weight) as well as the management ability. Basically, current routine monitoring in regard to animal welfare controls according to the §16 animal welfare act (Federal Ministry of Food, Agriculture, and Consumer Protection, 2010) concentrate on technical and management requirements as well as in-house self-inspections as they are specified in section 4 of the Order on Animal Protection Keeping of Production Animals (German designation: TierSchNutztV, 2006 , last amended Oct. 1, 2009 Federal Ministry of Food, Agriculture, and Consumer Protection, 2006) .
Apart from appropriate performance and animal welfare indicators during a fattening period, the factors which should be investigated in future routine monitoring were to be addressed. In regard to the STD, meanwhile the EU Directive 2007/43/EG (EU Commission, 2007) has been implemented in national law (TierSchNutztV, 2009) . Therefore, the STD has to be planned on the basis of the performance of previous fattening periods. During a fattening period, however, the realized STD can only be assessed on farm, considering billing for the delivered young chickens. As the realized STD exceeded the target density in 4% of the investigated fattening periods, it might be worth checking by the veterinary officers from time to time. The number of placed birds could be calculated with the number of slaughtered birds plus mortality. Nevertheless, it can be stated that the BD is worth investigating in routine monitoring, especially in longer fattening periods with the aim of producing heavy carcasses.
In our study, investigations were restricted to written questionnaires filled in by the farmers. This was to minimize the study costs and to find out if the questionnaires could be incorporated in routine monitoring. The temperature and humidity of the broilers' direct surrounding are key factors for improving the health and welfare and to optimizing the achievable BW and mortality. They deserve more attention in the future, although they are already part of the current routine inspections. However, these are influenced by different factors (weather conditions, ventilation, heating, and so on). The results of this study indicate that these factors should be monitored routinely and adapted subsequently during and between fattening periods. It should be examined for example, if the litter material was chosen according to the weather conditions and the length of the fattening period. In case of inappropriate litter quality, fresh litter should be added, under-floor ventilation should be considered, and split fattening should be applied to reduce the metabolic warmth production per unit area (Bessei, 2006) . Nevertheless, it still needs to be assessed how heat dissipation can be improved effectively (de Jong et al., 2012) .
Certain management factors, such as the age of the building (reflecting hospitalism) or the management policy (hatchery, length of the fattening period) are already discussed with the farmer during the on-farm conversation and should be considered for a standardized record sheet during routine investigations. One practical method can be access to parts of the comprehensive software, which is provided by the integrating company to their farmers. Up to now, it cannot be involved in routine monitoring either on the farm or in the slaughterhouse. Other European countries have improved housing conditions and routine monitoring by integrating this information in routine monitoring (Menzies et al., 1998; Schliessnig et al., 2011) . Principally, the results of the monitoring should be evaluated on the basis of the respective management concept.
Conclusion
It can be concluded that the performance of a fattening period can be improved by optimizing the farm management. It can be questioned if increasing the STD results in an increase of performance.
Since the 1950s, livestock housing has concentrated on intensification, following the aim of "more quantity for less money." Along with this intensification, there is evidence for more husbandry-derived diseases since the 1980s (i.e., food pad lesions, hock burn). Meanwhile, a saturation of consumption is apparent and consumers are starting to question the ethical standards of livestock husbandry (Ludvigsen et al., 1982; Greene et al., 1985; Ekesbo, 1988; Oester and Fröhlich, 2008) . Therefore, it is not to be expected that in the future an increase of the total flock weight (kg/m 2 ) will be preferred to the individual bird weight. Furthermore, a high flock mortality will not be tolerated when the production performance of a fattening period is assessed (Estevez, 2007; Verspecht et al., 2011) .
Being torn between the consumers' expectations and the economic necessities, farmers have to implement new technologies and management practice to improve husbandry, to change current economic policy, and to raise welfare standards for broilers (Veterinary Record, 2008; Makdisi, 2010) .
In the case that the general concept of fattening shall be retained, optimizing farm management can improve individual bird welfare and overall flock performance. Hence, it should be considered to abandon the idea of a fixed fattening type and to implement a flexible approach of split fattening. The study presented here points out that performance depends on farm management. Farm management should be easily adaptable to changing conditions [i.e., choosing the litter type und frequency according to the weather conditions or cut the length of the fattening period according to the given conditions (of weather, age of building, and so on)].
Future routine monitoring should be cost effective in regard to personnel and finance and should be generally risk based. On the basis of the current performance and welfare indicators, this can be achieved by establishing access to existent farm management databases, inspecting identified influences, and standardizing the on-farm consultation.
